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© A radio apparatus according to the present in- 
vention comprises a plurality of antennas to be se- 
lectively connected to a radio circuit, switches ca- 
pable of grounding a maximum point in the voltage 
distribution of a standing wave of each antenna, and 
a circuit for operating a switch of a non-selected 
antenna of these antennas to be grounded. The 
present invention also includes an antenna switching 
circuit for synchronizing each switch to selectively 
perform switching operation. In such an arrange- 
ment, one of a plurality of antennas is selected to be 
connected to the radio circuit, and an intermediate 
terminal of the selected antenna is opened to obtain 
a predetermined voltage distribution of a standing 
wave, thereby assuring the normal communication 
operation. Meanwhile, a point having a maximum 
value of the voltage distribution of a standing wave 
of one or more non-selected antennas is grounded 
to collapse the impedance thereof, and these anten- 
nas are prevented from interfering with the selected 
antenna, avoiding the affection of these antennas to 
the selected antenna. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a radio appara- 
tus having a plurality of antennas, and more par- 
ticularly to a radio apparatus for selecting and 
switching a plurality of antennas to be used. 

A mobile radio apparatus like a recent movable 
telephone or a portable telephone is provided with 
a plurality of antennas which are selectively con- 
nected to a transceiver in response to a frequency 
or the like at a position to which the radio appara- 
tus is moved. In such a radio apparatus, however, 
when each antenna is adjacent to each other, the 
both antennas interfere with each other, and a non- 
selected antenna affects a selected antenna, inhib- 
iting a preferable communication. 

Therefore, a countermeasure for avoiding the 
interference by the non-selected antenna has been 
taken. For example, Japanese patent laid-open 
publication No. 58-113771 discloses a configuration 
for preventing the interference with the selected 
antenna by opening a feeder portion of the non- 
selected antenna. Further, Japanese patent laid- 
open publication No. 58-186066 discloses a struc- 
ture for avoiding the interference by the non-se- 
lected antenna by grounding the feeder potion 
thereof. Moreover, Japanese patent laid-open pub- 
lication No. 59-81143 disclose an arrangement, in 
which two feeder portions can be selected with 
respect to one antenna and the interference is 
prevented by grounding a non-selected feeder por- 
tion. 

With these conventional arrangements, how- 
ever, the bandwidth of the non-selected antenna 
can not be sufficiently shifted by only opening or 
grounding the feeder portion thereof in the radio 
apparatus adopting |/2 whip antennas or plate an- 
tennas having a wide bandwidth as its antennas, 
the interference with the selected antenna is not 
hence sufficiently avoided. 

It is therefore an object of the present invention 
to provide a radio apparatus having a plurality of 
antennas being capable of preventing one antenna 
selected from a plurality of antennas from being 
interfered by the other non-selected antenna. 

It is another object of the present invention to 
provide a radio apparatus being capable of avoid- 
ing the mutual interference of a plurality of anten- 
nas even when a plurality of antennas have a 
wideband property, respectively. 

It is still another object of the present invention 
to provide a radio apparatus being capable of auto- 
matically switching to any preferable antenna from 
a plurality of antennas in accordance with the com- 
munication state. 

. A radio apparatus according to the present 
invention is provided with a plurality of antennas to 
be selectively connected to a radio circuit and 
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switches each of which can ground a maximum 
point in the voltage distribution of the standing 
wave of each antenna. In addition, the radio ap- 
paratus is provided with a circuit for operating a 
5 switch of a non-selected antenna from these anten- 
nas to ground the non-selected antenna. 

For example, a plurality of antennas may be 
constituted by |/2 whip antennas, and an intermedi- 
ate terminal is provided at an intermediate position 

io of the antenna length with which the voltage dis- 
tribution of its standing wave becomes maximum. 
The switch is connected to the intermediate termi- 
nal, and the intermediate terminal is grounded by 
driving this switch. 

75 Further, according to the present invention, the 

radio apparatus may be provided with an antenna 
switching circuit for synchronizing each switch and 
allowing it to selectively operate for switching. This 
antenna switching circuit may preferably be con- 

20 stituted in such a manner that the antenna switch- 
ing operation can be carried out on the basis of 
signals related to the communication states output 
• from the radio circuit. 

The normal communication operation is as- 

25 sured by selecting one from a plurality of antennas 
to be connected to the radio circuit and opening 
the intermediate terminal of the selected antenna to 
obtain a predetermined voltage distribution of the 
standing wave. On the other hand, each impedance 

30 of one or more non-selected antennas is greatly 
collapsed by grounding any point having a maxi- 
mum value of the voltage distribution of their stand- 
ing wave, and the mutual interference between 
these non-selected antennas and the selected an- 

35 tenna, thereby preventing the non-selected anten- 
nas from affecting the selected antenna. 

Further,- when a plurality of antennas are con- 
stituted by the |/2 whip antennas, an intermediate 
terminal is provided at an intermediate position of 

aq the antenna length with which the voltage distribu- 
tion of their standing wave becomes maximum, a 
switch is connected to the respective intermediate 
terminal, and this switch is driven to ground the 
intermediate terminal, the impedance of the non- 
45 selected antenna is thus greatly collapsed, avoiding 
the affection to the selected antenna. 

When the switches individually provided to a 
plurality of the antennas are synchronized by the 
antenna switching circuit to selectively perform the 

50 switching operation, and the antenna switching cir- 
cuit selectively carries out the antenna switching 
operation on the basis of signals related to the 
communication states output from the radio circuit, 
and hence the preferable communication state can 

55 be always secured and the mutual interference 
between the antennas can be prevented involved 
therewith. 
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The above and other objects, features and ad- 
vantages of the present invention will become ap- 
parent from the following detailed description when 
taken with the accompanying drawings in which: 
Fig. 1 is a block diagram showing an embodi- 
ment according to the present invention; 
Fig. 2 is a circuit diagram showing an example 
of an antenna circuit; and 

Fig. 3 is a view showing the voltage distribution 
of the standing wave in a |/2 whip antenna. 
Fig. 1 is a block diagram showing a primary 
part of an embodiment according to the present 
invention. This embodiment illustrates an exem- 
plary mobile communication apparatus to which the 
present invention is applied. 

In Fig. 1, two antennas, i.e., a first antenna A1 and 
a second antenna A2 having frequency bandwidths 
different from each other are provided in the com- 
munication apparatus. It is assumed that these 
antennas A1 and A2 are constituted by |/2 whip 
antennas. The antennas A1 and A2 are selectively 
connected to a transceiver circuit 1 by means of a 
first change-over switch SW1 which operates by 
turning of the electricity at a non-illustrated sole- 
noid coil or the like. As to the configuration of other 
circuits to be connected to the transceiver circuit 1, 
its explanation will be omitted. Further, although a 
matching circuit for impedance conversion is re- 
quired in this type of whip antenna, the description 
thereof will also be omitted. 

An intermediate terminal T1 is provided at an 
intermediate position of the first antenna A1 in the 
length direction thereof, and a second change-over 
switch SW2 is connected to the intermediate termi- 
nal T1. One of a pair of selected terminals of the 
second change-over switch SW2 is connected to 
the intermediate terminal T1, and the other is 
grounded. Similarly, an intermediate terminal T2 is 
provided at an intermediate position of the second 
antenna A2 in the length direction thereof, and a 
third change-over switch SW3 is connected to the 
intermediate terminal T2. One of a pair of selected 
terminal of the third change-over switch SW3 is 
connected to the intermediate terminal T2, and the 
other is grounded. The second and third change- 
over switches SW2 and SW3 are designed to op- 
erate by turning of the electricity at non-illustrated 
solenoid coils or the like, in the same manner as 
the first change-over switch SW1. 

The first to third change-over switches SW1 to 
SW3 are so configured as to concurrently perform 
the switching operation by a switching signal from 
an antenna switching circuit 2. In the normal state, 
each of the change-over switches SW1 to SW3 is 
switched to the position indicated by the solid line 
in the drawing. 

The antenna change-over circuit 2 receives a 
signal from the transceiver circuit 1 and produces a 



switching signal for driving the first to third change- 
over switches SW1 to SW3 in response to the 
received signal. 

Fig. 2 shows the antenna switching circuit. In 

5 this drawing, a terminal IN receives signals from 
the transceiver circuit 1 . A terminal VIN receives a 
voltage required for operating switches by exciting 
, the respective solenoids of the first to third change- 
over switches SW 1 to SW3. Terminals OUT1 to 

70 OUT3 are output terminals for outputting switching 
signals to the first to third change-over switches 
SW1 to SW3, respectively. 

Further, the signal receiving terminal IN is con- 
nected to a switch circuit including resistors R1 

75 and R2 and a transistor Q1. Moreover, to the 
voltage input terminal VIN is connected a switch 
circuit constituted by resistors R3 and R4 and a 
transistor Q2. A collector of the transistor Q1 is 
connected to a base of the transistor Q2 through a 

20 resistor R4, and a collector of the transistor Q2 is 
commonly connected to the output terminals OUT1 
to OUT3. 

For the signal to the signal input terminal IN, a 
voltage which varies in accordance with the receiv- 
es ing state in the transceiver 1 , e.g., an AGC voltage 
or any other voltage relating thereto is used. 

According to this structure, as shown in Fig. 1, 
the first change-over switch SW1 selects the first 
antenna A1 in the initial state, and the transceiver 

30 circuit 1 is connected to the first antenna A1 to 
transmit or receive radio signals. At this time, the 
second change-over switch SW2 opens the inter- 
mediate terminal T1 of the first antenna At. Mean- 
while, the third change-over switch SW3 grounds 

35 the intermediate terminal T2 of the second antenna 
A2. In this state, when the intermediate terminal T2 
of the second antenna A2 is grounded, since a 
point where the maximum voltage distribution is 
obtained is grounded as shown in Fig. 3 showing 

40 the voltage distribution of the standing wave of the 
second antenna A2 t the impedance in the band- 
width which the second antenna A2 holds is largely 
collapsed. Consequently, even when the second 
antenna A2 is located in the vicinity of the first 

45 antenna A1, the interference between the first an- 
tenna A1 and the second antenna A2 is prevented, 
avoiding the affection to the first antenna A1 . 

On the other hand, when the deterioration of 
the communication state in the transceiver circuit 1 

so involves the need for switching from the first an- 
tenna A1 to the second antenna A2, the signal 
voltage output from the transceiver circuit 1 in- 
creases and a high voltage signal is supplied to the 
signal input terminal IN of the antenna switching 

55 circuit 2. Upon receiving this high voltage signal, 
the transistor Q1 is turned on, and hence the 
collector potential becomes the ground potenti at 
The transistor Q2 is then turned on, and the volt- 
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age to the input terminal VIN is thus supplied to 
the output terminals 0UT1 to OUT3 directly. Sub- 
sequently, each voltage to be output is supplied to 
the respective first to third change-over switches 
SW1 to SW3, exciting the solenoid or others to 
perform the switching operation at each change- 
over switch. 

As a result, the transceiver circuit 1 is con- 
nected to the second antenna A2 by the first 
change-over switch SW1, and the transmission or 
reception using the second antenna A2 is thereafter 
carried out. At the same time, the third change- 
over switch SW3 opens the intermediate terminal 
T2 of the second antenna A2, thereby being op- 
erated with the necessary impedance. On the other 
hand, the second change-over switch SW2 grounds 
the intermediate terminal T1 of the first antenna A1 
to greatly collapse the impedance in the bandwidth 
of the first antenna A1, thus preventing the interfer- 
ence with respect to the second antenna A2. 

In this embodiment, therefore, even when ei- 
ther of the first antenna A1 and the second antenna 
A2 is selected to be used, since the maximum 
point of the voltage of the standing wave of the 
non-selected other antenna is grounded, the inter- 
ference with respect to the selected antenna is 
avoided with the collapse of the impedance of the 
non-selected antenna. Thus, in a radio apparatus to 
be widely used as a mobile communication appara- 
tus provided with a plurality of antennas whose 
bandwidths are relatively large such as |/2 whip 
antennas, affection due to the non-selected anten- 
nas can be avoided, enabling the assurance of the 
preferred communication. 

Further, in this embodiment, since the anten- 
nas are switched on the basis of the signals related 
to the communication state output from the tran- 
sceiver circuit 1, any appropriate antenna is auto- 
matically selected in accordance with the commu- 
nication state, and the manual switching operation 
by a user of the communication apparatus be- 
comes unnecessary. Of course, it is possible to 
configure the present invention in such a manner 
that the antennas are switched by manual opera- 
tion. 

In addition, the present invention can be simi- 
larly applied to an example where three or more 
antennas are provided and these are selectively 
switched. In such a case, any one of three or more 
antennas can be selected to be connected the 
transceiver circuit by applying the configuration of 
the antenna switching circuit shown in Fig. 2, and 
the intermediate terminal of an antenna selected at 
that time may be opened while a plurality of non- 
selected other antennas may be grounded. 

Moreover, although the present invention is ap- 
plied to the radio apparatus having |/2 whip anten- 
nas in this embodiment, the present invention can 
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be applied to a radio apparatus employing anten- 
nas of any other system in the similar manner as 
the above embodiment by realizing the construc- 
tion in which the change-over switches are con- 
5 nected in such a way that a maximum point in the 
voltage distribution of the standing wave of each 
antenna is grounded. 

Claims 

10 

1. A radio apparatus which is provided .with a 
plurality of antennas and selects one of these 
antennas to be connected to a radio circuit, 
comprising: a plurality of switch means each of 

75 which is provided to said respective antennas 

and capable of grounding a maximum point in 
the voltage distribution of a standing wave of 
each of said antennas; and means for operat- 
ing a first switch means of a non -selected 

20 antenna in said switch means to ground said 

non-selected antenna. 

2. A radio apparatus having a plurality of anten- 
nas according to Claim 1, wherein a plurality of 

25 said antennas are j/2 whip antennas. 

3. A radio apparatus having a plurality of anten- 
nas according to Claim 2 further comprising: N 
(N is an integer larger than 2) antennas; one 

30 switch for selectively connecting one of said N 

antennas to a radio circuit; N switches being 
capable of selectively grounding each inter- 
mediate terminal of said N antennas; and an 
antenna switching circuit for synchronously 

35 switching among said N + 1 switches. 

4. A radio apparatus having a plurality of anten- 
nas according to Claim 3, wherein said an- 
tenna switching circuit performs antenna 

40 switching operation in accordance with signals 

related to the communication state from the 
radio circuit. 

5. A radio communication apparatus comprising: 
45 a transceiver circuit; a plurality of antennas to 

be selectively connected to said transceiver 
circuit; means for selectively grounding a plu- 
rality of said antennas; and a control circuit for 
grounding said antennas and connecting said 
so antennas to said transceiver circuit. 

6. A radio communication apparatus according to 
Claim 5, wherein when said control circuit con- 
nects one of a plurality of said antennas to 

55 said transceiver circuit, said control circuit 

grounds the other antenna of a plurality of said 
antennas. 
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7. A radio communication apparatus according to 
Claim 6, wherein a plurality of said antennas 
are two |/2 whip antennas. 

8. A radio communication apparatus according to 5 
Claim 5,6 or 7, wherein said grounding means 
grounds a maximum point in the voltage dis- 
tribution of a standing wave of each antenna. 

9. A radio communication apparatus according to 10 
Claim 7, wherein said grounding means 
grounds an intermediate position of each an- 
tenna. 
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